Abstract
Introduction
Life expectancy is increasing systematically in western societies thanks to advances in medicine and improvements in quality of life. However, this increases not only the risk of age-related diseases but also that of normal aging-related frailty. Twenty percent of the elderly aged 70 experience difficulties in everyday life linked to a cognitive or physical decline which causes the partial or complete loss of their autonomy [1, 2] . It is well established that normal aging impacts cognition [3] , and in particular processing speed, working memory and executive functions [4, 5] , and that this decline is correlated with changes in brain structure and function. There is as yet no efficient pharmacological treatment capable of counteracting these changes, with the result that other ways to improve or stabilize cognition with aging must be explored. The STAC-R model (Scaffolding Theory of
Aging and Cognition -Revised version) [4] proposes that positive and negative factors influence brain function and structure throughout life. Most importantly, the structure and function of the brain are adapted and reorganized throughout life and the success of this seems to depend, at least in part, on one's cognitive and physical activities or exercises. These are therefore thought to protect against normal [6] and pathological aging [3, 7] . These activities and exercises may be spontaneous and be part of one's existing lifestyle or may be proposed as supplementary training.
Generally speaking, training involves specific tasks that are intended to train specific functions As far as working memory is concerned, some authors [8] showed that this improves after indirect training using video games. The authors selected three video games that targeted one specific cognitive function (i.e. auditory perception -Brain Fitness, visuomotor skills -Space Fortress, strategic reasoning -Rise of Nations). Beyond an improvement in the targeted function due to playing a specific video game, the authors reported the far transfer of visuomotor skill training toward working memory.
Indeed, they observed working memory improvements only in the participants who played Brain Fitness and Space Fortress. It was found that the improvement was greater for the Space Fortress group, meaning that the training of visuomotor skills transfers more to working memory capacities than does auditory perception training. It has been shown that training cognitive strategies (SMART program) can improve working memory performance and complex abstraction [9] . In addition, this improvement is correlated with an increase in cerebral blood flow in the prefrontal and middle/ posterior cingulate cortex when the participants are at rest.
It has been shown that direct working memory training can lead not only to domain-specific improvement, but also to transfer to numerous untrained tasks : nearest transfer (i.e. visual working memory), near transfer (i.e. short-term memory) and far transfer (i.e. fluid intelligence and processing speed) [10] . In addition, the 8-month follow-up showed that only the far-transfer effects were maintained.
These results suggest that training working memory can counteract more than one aspect of cognitive decline in aging. This is probably due to the intrinsic features of working memory that involves several aspects of cognitive processing such as short-term memory, executive attention and inhibition [11] . Thus, training working memory possibly involves the training of many cognitive components and can lead to the improvement of several cognitive processes. The reverse is also true and the direct training of certain other cognitive processes may have an impact on working memory. For example, some data reported that individuals with a high working memory capacity have better inhibition, i.e. a function that is considered to form part of the executive functions [12, 13] . In addition, some authors have shown that working memory training leads to long-lasting improvements in executive functioning [14] .
Executive functions correspond to different cognitive control processes [15] , such as switching, updating and inhibition [16] . Following executive function training intended to improve switching, some authors observed not only a reduction in the cost of switching but also improvements in executive control (near transfer) and fluid intelligence U = U (H I ,C i ,L i ) i = 1,….,n (far transfer) [17] .
Another study investigated the training of updating, i.e.
an executive function that is particularly important H i for working memory [18] . [7, 24, [31] [32] [33] [34] [35] . It has been shown that after physical training [30] , participants in a physically active group [35] exhibit better executive function performance, especially in inhibition. Some authors have shown that after aerobic exercise, not only did the recall and recognition memory of older adults improve, but also that this improvement was due to an increase in hippocampal perfusion, indicating fitness-related vascular plasticity [27] . Some authors have also found improved memory performance after physical training (aerobic), which was correlated with increased cerebral blood flow in the hippocampus measured during the resting state [9] . Some authors found that physically active individuals have better working memory updating performance and executive functions than physically non-active [34] . Some authors showed that after following physical training, participants achieved the same pattern of results as physically active participants and exhibited better resistance to interference [7] . This study suggests that to promote cognitive fitness, it is important to encourage regular physical activity as early as possible and that it is also important to propose physical training to older adults in order to improve cognition.
Combined Cognitive-and-Physical Training
The question of the potential value of combining cognitive and physical training within one and the same training intervention has recently been raised. Physical and cognitive training may play different but complementary roles in brain plasticity [9] [36] [37] [38] . It has been suggested that physical training might enhance brain metabolism and plasticity, whereas cognitive training, by increasing mental demands, might use and reinforce the enhanced brain metabolism and guide brain plasticity [39] . If the mechanisms underlying improvements in cognitive function due to these two types of training are different, there is reason to assume that combining both in one intervention would increase the benefits as compared to a single training mode. However, to our knowledge, only four studies [39, 40, 41, 42] have directly compared combined training with physical or cognitive training on their own.
Some authors compared cognitive training alone with a combined cognitive-and-physical training [39] .
Both types of training consisted of four elements, three of which were identical for both types of training and were performed in groups: (a) board games that 
Objective of the Present Study
Given the scarce and rather inconsistent data, it is necessary to further examine the relevance of combining cognitive and physical training in one intervention. Thus, the main objective of the present study was to compare the effectiveness of two types of training, namely combined cognitive-and-physical training and cognitive training alone, on cognition, and in particular on executive function and working memory.
In line with the suggestion that cognitive and physical training act differently but complementarily [39] , we expected to observe greater benefits on cognition after the combined cognitive-and-physical training than after cognitive training alone.
Method

Study Design
Participants were controlled for age, sex, and education. Then, they were pseudo-randomly assigned to the cognitive training group (COG, n = 16), the cognitive-and-physical training group (CAP, n = 16) or the no-contact control group (CONT, n = 16). The study was not double-blinded as participants and the examiner who administered all outcome measures knew to which training group the participants were assigned. The shows the number of participants in the protocol at each stage of the study.
Material
Neuropsychological Assessment
Tests
The neuropsychological assessment included 7
paper-and-pencil tests. We assessed global cognition Intelligence Scale) [49] , and visual inhibition with the Victoria Stroop test [50] . The control group undertook a shorter version of the test battery (see details in Table 1 and Table 2 ).
Questionnaires
Autonomy was assessed using the IADL (Instrumental Activities of Daily Living) [51] , memory disorders with McNair -15 items [52] , mood with GDS Table 1 . Demographic characteristics and general cognitive and mental state of the participants included in the study. Table 1 and Table 2 ).
The participants also filled in sociodemographic and sociocultural questionnaires to allow us to collect data about medication, housing and cultural, social and physical activities.
Executive Function and Working Memory Tasks : Primary Outcomes Measures Flexibility and switching were measured using the Plus Minus task [56] . This task comprised three lists of 20 two-digit numbers. For the first list, the participants were instructed to add 7 to each number.
For the second list, they were instructed to subtract 7 from each number. For the third list, they were instructed to switch between addition and subtraction.
The numbers were randomized, and the lists were counterbalanced. This task allowed us to calculate the flexibility cost for correct answers and the reaction times, which were obtained by subtracting the mean performance in the two first conditions from the mean performance in the switching condition.
Visual attention and inhibition were measured using the Flanker task [7, 57] . This task consisted of Updating was measured using the Updated Span task [58] . This task consisted of sequences of numbers that were presented sequentially, for 1000 ms each, in the center of the computer screen. The quantity of numbers presented per sequence (3, 4, 5, 6, 7, 8, or 10) varied randomly across trials. A total of 23 trials were presented: 2 three-digit sequence trials, 2 four-digit sequence trials, 3 five-digit sequence trials, 3 six-digit sequence trials, 3 seven-digit sequence trials, 3
eight-digit sequence trials, 7 ten-digit sequence trials.
The participants were instructed to recall the last three numbers presented.
Maintenance was measured using the Complex Span task [59] . This task consisted of series of numbers and letters that were presented successively on the computer screen for 1000 ms each. The participants were instructed to decide whether each number was even or odd by pressing a corresponding key on the keyboard and to remember the letters. At the end of each sequence, the participants were asked to perform free recall of the letters. Each sequence consisted of 4 numbers and 5 letters. A total of 10 sequences were presented.
Physical Assessment
After obtaining a doctor's certificate indicating that the participants were able to perform cardiovascular training, physical performance was measured using physical measures. Participants had to walk four times 400 meters as quick as possible. They had 1 minute break between the different sessions. The heart rate and time of completion were measured after the last 400 meters walked, at pre and post-test (Table 3) .
Training
Cognitive Training
The Garçon SVP! (Waiter please!) -the goal was to The participants had to perform this secondary task while keeping the coat of arms in memory.
Physical Training
The physical training took the form of walking exercise. The participants walked at the speed they 
Statistical Analysis
We examined the normality of the distribution for each composite score of the training progress (accuracy and reached level of exercises difficulty) and each primary outcome measure with Shapiro-Wilk test.
For the measures of training progress, the distribution was normal so we performed the mixed ANOVA. 
Results
The results are presented in 4 sections: (1) baseline characteristics, (2) trained tasks, and (3) executive function and working memory tasks to investigate transfer of abilities to untrained tasks, and (4) follow-up.
Baseline Characteristics
We used a one-way Kruskal-Wallis ANOVA to compare the age and education level of the different groups as well as for the tests included in the neuropsychological assessment.
The participants in the three groups did not differ significantly either in age (all p > .05) or in education (all p > .05) (See Table 1 ).
Neuropsychological Assessment
At baseline, the participants in the three groups differ significantly on RAVLT (see Table 1 ), McNair, and category fluency (See Table 2 
Cognitive Training
Executive to W6 (p < .03) and from W7 to W8 (p < .002). For the CAP group, the first significant progression was observed from W1 to W4 (p < .004), and then from W4 to W6 (p < .009) and from W6 to W8 (p < .004).
Working Memory Training
A significant effect of Training Week was observed on the composite score for correct answers, F (7, 196 Figure   2a ). There was no significant effect of Group F (1, 28) = 0.29, p > .05, and no significant Group* Training Week interaction F (7, 196 ) = 1.89, p = 0.9.
As far as the level of difficulty is concerned, a significant effect of Training Week was observed F (7, 196 
Discussion
The main objective of this study was to determine whether combined cognitive-and-physical training is better than cognitive training alone for improving older adults' cognition. Based on previous studies, we hypothesized that combined training would lead to a greater improvement on untrained cognitive tasks involving executive functions and working memory. In the following section, we will first discuss the effects of practice (training progress), transfer to working memory and executive function after both types of training, and long-term persistence of the effects of training (1-month follow-up).
Neuropsychological Assessment
Globally the three groups were equivalent at baseline for the basic neuropsychological assessment (see Table 1 and Table 2) . Surprisingly, we observed that the memory performance of the CAP group was significantly better than that of the COG group on RAVLT. However, these two groups did not significantly differ in terms of subjective memory impairment as measured by the McNair test, although both seemed to judge their memory as more impaired than the CONT group.
At post training, the only intergroup difference revealed by the neuropsychological assessment was on the McNair questionnaire. The participants in the COG group judged their memory more impaired than those in the CAP and CONT groups. These results might be due to the baseline difference, given that the participants in the COG group judged their memory more impaired before commencing the training than those in the other groups. However, at baseline, the CAP group also judged their memory more impaired than the CONT group and this difference was no longer significant after training. It is therefore possible that the difference continued to be significant for the COG group because this group had to perform more challenging cognitive exercises than the CAP group and might therefore have been more frequently placed in situations in which they had the impression of memory failure.
Training Progress
In the present study, the cognitive training was Nonetheless, it is interesting that, globally, the CAP group did not reach the same level of difficulty as the COG group in either the executive function or the working memory tasks. The main difference between these two groups was that the CAP group had 8 hours of cognitive training (the remaining 8 hours being used for physical training), whereas the COG group had 16 hours of cognitive training. Even though both training groups had the same total hours of training, the COG group spent more time on trained tasks (had more practice).
Thus, it seems that physical training did not compensate for the less hours of cognitive training. These data therefore suggest that the respective mechanisms of cognitive and physical training are probably not the same and that the training modes may not be interchangeable, at least when an impact is expected on a specific trained task.
Transfer to Working Memory and Executive Function Tasks
With regard to transfer to untrained working memory and executive function tasks, we observed little evidence supporting our hypothesis about the superiority of combined cognitive-and-physical training over cognitive training alone. Even more surprisingly, our results provide little evidence in support of the idea of transfer to untrained tasks.
We observed a significant effect of Time on reaction times, with reaction times being shorter for attention and inhibition, maintenance and updating tasks at T2 than at T0. However, as this improvement was independent of training group (no significant interaction was observed) and there was no effect of Group, we cannot attribute the better performance at T2 Concerning correct responses, a significant effect of Group was observed on flexibility cost. Indeed, the COG group showed higher flexibility cost as compared to CONT group, meaning a less effective realization of the switching condition in Plus Minus task.
However, there was not significant interaction between Group and Time, and more importantly, the means reported in Table 2 Another study also showed a near transfer to executive functions and processing speed following video game-based training of reading, arithmetic and memory [19] . In addition, some authors showed a near transfer to short-term memory following working memory training [10] . However, our results only allow us to draw conclusions regarding near transfer. They also investigated far transfer following training. They showed that training working memory resulted in transfer to fluid intelligence and processing speed, while another study showed a similar transfer after training in switching [17] . Nonetheless, our results concerning the transfer of training benefits to untrained functions are not consistent with another study who did not find any transfer of benefits following updating training [18] .
It is interesting to note that in the present study, the COG and CAP groups showed similar improvements on the updating task, even though the COG group progressed better in training on the trained tasks involving working memory. These data suggest that as far as transfer is concerned, physical training may help improve performance on untrained tasks. The question of the transfer of cognitive and physical training to cognitive abilities (i.e. untrained tasks) has also been investigated by testing the impact of training on attention [39] . These authors also compared a group that received only cognitive training with a combined both training groups improved to a similar extent on untrained tasks involving attention. Thus, these two studies suggest that there is some transfer of benefits from physical training to cognition. Moreover, another study showed that the benefit of combined cognitive-and-physical training on untrained functions was greater than that of cognitive training alone [42] . This finding supports the idea that physical training contributes to cognitive improvements.
However, some author did not find any enhanced effect on an untrained task after combined training as compared to cognitive training [43] . Interestingly, this latter study compared cognitive training on its own, combined cognitive-and-physical training and physical training on its own. The improvement on untrained tasks was shown only for the participants who performed the cognitive training (both cognitive training alone and combined cognitive-and-physical training). Thus, in the Shatil study, there was no improvement in cognitive performance after physical training, leading the author to the conclusion that it is only the cognitive training component that drives cognitive enhancement [43] .
Indeed, cognitive training may have a greater impact on cognitive and neuropsychological measures because of its specificity [63] . In other words, the cognitive training programs are thought to be related to cognitive outcomes and neuropsychological measures, and this is why some studies have found benefits due to cognitive training.
Follow Up
One of the objectives of training in the elderly is to obtain long-lasting benefits. The results of the follow-up for the present study must be taken with caution since this was undertaken only by the COG and CAP groups. The 1-month follow-up showed that the improvement persisted after training regarding visual attention and inhibition (flanker task), maintenance (complex span task) and updating (updating task) in the sense that the performance did not significantly decrease at follow-up as compared to T2.
Concerning maintenance, results showed that the gains observed at post-test persisted at follow-up.
Moreover, both COG and CAP groups showed a tendency to improvement at follow-up as compared to post-test. Then, as far as updating is concerned, both the COG and CAP groups exhibited a significant improvement in accuracy at follow-up. In addition, the COG group scored higher than the CAP group at follow-up. These results suggest that even if the benefits of cognitive training and combined training are equivalent in the short term, updating seems to be more responsive to cognitive training alone in the long term.
Similarly, another study showed equivalent benefits of cognitive and physical training alone, and combined training on concentration in the short term. In the longterm (i.e. 3-months follow-up), only physical training alone led to improvements of concentration [41] .
Though, combined cognitive-and-physical training showed improved cognitive speed in short-and long-term whereas, cognitive training alone led to improvement of cognitive speed only in the long term.
Then, it has been shown at 1-year follow-up that the gains improved only in the combined cognitive-and-physical training group [39] . It is possible that the interval between the end of the training and the follow-up, which was much longer in the Rahe et al.
study, and the fact that different cognitive processes are involved in these two studies may explain the contradiction [39] . Finally, the lack of data concerning the CONT group in our study makes it difficult to conclude that the long-term improvement we observed is due to a persistent impact of training over time.
Limitations of the Study
The main limitation of the present study is that our samples are rather small. Another limitation is the absence of a group that received only physical training.
It would be interesting to directly compare training groups that receive only cognitive or only physical training in order to evaluate the contribution of each type of training to cognition and to test Shatil's suggestion that, in combined training, it is cognitive training that drives cognitive enhancement [43] . And finally the limitation of this study lies in the long-term follow-up. Indeed, in the present study, we used a 1-month follow-up, which is probably too short a period to predict the long-term persistence of benefits in elderly people (see [39] for a longer interval). 
Conclusion
The goal of this study was to determine whether combined cognitive-and-physical training is better than cognitive training alone in improving older adults' cognition. We found that the effect of practice in the COG group was better than in the CAP group, thus confirming previous studies showing that older adults can learn new cognitive abilities, and that the amount of training is important for learning success. In both groups, some transfer effects to untrained tasks were observed. In fact, despite the greater practice effect in the COG group, the CAP group performed as well as the COG group in transfer tasks immediately after the end of training. These results suggest that if physical training does not compensate for the effect of practice during cognitive training, it nevertheless in some way helps to transfer and improve certain cognitive abilities.
Interestingly, the cognitive training seemed to be more efficient than combined cognitive-and-physical training for long-term transfer to updating. Overall, our results suggest that training benefits have a small effect on cognition, that cognitive and physical training complement one another with regard to short-term outcomes, and that cognitive training is more beneficial with regard to long-term outcomes.
